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MPH-03 

December - Examination 2025 

M.Sc. (Previous) Examination 
PHYSICS 

QUANTUM MECHANICS 

DokaVe ;kaf=dhDokaVe ;kaf=dhDokaVe ;kaf=dhDokaVe ;kaf=dh    
Paper : MPH-03 

 [Time: 3 Hours]                   [Maximum Marks: 80]     
                                                                                           

 

Note :- The question paper is divided into three Sections A, B and C. Write answers as per the given 

   instructions. In case of any discrepancy, the English version will be final for all purposes. 

funsZ’k funsZ’k funsZ’k funsZ’k %&%&%&%&    ;g iz’u&i= ^v*] ^c* vkSj ^l* rhu [k.Mksa esa foHkkftr gSA fn, x, funsZ’kksa ds vuqlkj mŸkj nhft,A 

   fdlh Hkh folaxfr dh fLFkfr esa vaxzsth :i gh vafre ekuk tk;sxkA     

 

 Section-A 8××××2====16 

 (Very Short Answer Type Questions)  

Note :- Answer all questions. As per the nature of the question delimit your answer in one word, one 

   sentence or maximum up to 30 words. Each question carries 2 marks. 

 [k.M&^v^[k.M&^v^[k.M&^v^[k.M&^v^     

 ¼vfr¼vfr¼vfr¼vfr    y?kqy?kqy?kqy?kq    mŸkjh; iz’umŸkjh; iz’umŸkjh; iz’umŸkjh; iz’u½½½½     

funsZ’kfunsZ’kfunsZ’kfunsZ’k %& lHkhlHkhlHkhlHkh iz’uksa ds mŸkj nhft,A vki vius mŸkj dks iz’ukuqlkj ,d 'kCn] ,d okD; ;k vf/kdre  
   30303030  'kCnksa esa ifjlhfer dhft,A izR;sd iz’u 2222 vad dk gSA 

1. (i) For spin half system :  

    S� �−⟩ = �
�� −⟩  

    S�|+⟩ = 2c|+⟩  

  Symbols have usual meaning. What is the value of (b + c)?  

  fLiu v/kZ fudk; ds fy, :  

    S� �−⟩ = �
�� −⟩  

    S�|+⟩ = 2c|+⟩  

  ;gk¡ izrhdksa ds lkekU; vFkZ gSaA (b + c) dk eku D;k gksxk\  

 (ii) The set of eigenfunctions ψ� forms a complete set of normalized and 

Orthogonal (Orthonormal) functions. Find the value of following function - 

 

    7 � ψ� ψ�∗ dq + 3 � ψ� ψ�∗ dq + 2 � ψ� ψ�∗ dq  

  vkbxsuQyu ψ� ds leqPp; izlekU;—r o ykfEcd Qyu cukrs gSaA fuEu Qyu dk 
eku Kkr dfj, & 

 

    7 � ψ� ψ�∗ dq + 3 � ψ� ψ�∗ dq + 2 � ψ� ψ�∗ dq  
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 (iii) In total angular momentum representation  

   J�|j, m⟩ = b|j, m⟩  
 What is the value of b? 

 

  dqy dks.kh; laosx i)fr esa  
   J�|j, m⟩ = b|j, m⟩  
 rks b dk eku D;k gksxk\ 

 

 (iv) Obtain the value of commutator �y, �
� !. 

      

 

  Øefofue;d �y, �
� ! dk eku Kkr dfj,A   

 (v) The eigenvalue of a unitary operator is  ��
� + i �

��. 
 What is the value of d? 

 

  ;wfuVjh ladkjd dk vkbxsu eku ��
� + i �

�� gSA  

 d dk eku D;k gksxk\ 

 

 (vi) For the trace Tr(ABC) = Tr(CXY) 

 What are X and Y in terms of A, B, C? 

 

  Vªsl ds fy, Tr(ABC) = Tr(CXY) 
 X rFkk Y dk eku A, B, C ds inksa esa fyf[k,A 

 

 (vii) What do you mean by Adiabatic Approximation with reference to Hamiltonian 

of the system? 

 

  fudk; ds gsfeYrksfu;u ds lUnHkZ esa :/kks"e lfUudVrk ls vki D;k le>rs gks\  

 (viii) A wavefunction is given by -  

    ψ#x, y, z, t' = Ae*#+,-./0.� 1+�'  

  Find the unit vector representing the propagation of this wave function.  

  ,d rjax Qyu fuEu gS &  
   ψ#x, y, z, t' = Ae*#+,-./0.� 1+�' 
 bl rjaxQyu dh lapj.k dh fn’kk esa bdkbZ lfn’k Kkr dfj,A 

 

 Section-B 4××××8====32 

 (Short Answer Type Questions)  

Note :- Answer any four questions. Each answer should not exceed 200 words. Each question 

   carries  8 marks. 

 [k.M&^[k.M&^[k.M&^[k.M&^cccc^̂̂̂  

 ¼ y?kq¼ y?kq¼ y?kq¼ y?kq    mŸkjh; iz’u ½mŸkjh; iz’u ½mŸkjh; iz’u ½mŸkjh; iz’u ½     

funsZ’kfunsZ’kfunsZ’kfunsZ’k %& fdUgha pkjfdUgha pkjfdUgha pkjfdUgha pkj iz’uksa ds mŸkj nhft,A vki vius mŸkj dks vf/kdre 200200200200 'kCnksa esa ifjlhfer dhft,A 
   izR;sd iz’u 8888 vad dk gSA 

2. What do you mean by inner product and outer product of a bra vector and a ket 

vector? 

 

 ,d czk lfn’k o ,d dsV lfn’k ds vkarfjd xq.ku o cká xq.ku ls vkidk D;k rkRi;Z 
gS\ 
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3. Prove that the fundamental commutation relation 

   2x, p04 = *5
�,  

remains unchanged under unitary transformation. 

 

 ;g fl) dfj, fd ewyHkwr fofue; lEcU/k 

   2x, p04 = *5
�,  

;wfuVjh :ikUrj.k esa fcuk ifjofrZr gq, jgrk gSA 

 

4. Using Heisenberg form of equation of motion, show that in the case of a stationary 

state with a discrete spectrum the mean value of the momentum is p6 = 0. 

 

 gStsacxZ xfr ds lehdj.k ls ;g n’kkZvks fd fofoä LisDVªe ds lkFk LFkk;h voLFkk dk 

ek/; laosx p6 = 0 jgrk gSA 
 

5. Explain the Spin Half Angular Momentum of an electron.  

 bysDVªkWu ds v/kZ pØ.k dks.kh; laosx dks le>kb,A  

6. Briefly explain the Thomas-Fermi Statistical Model and Hartee’s Self-Consistent 

Field Method under Central Field Approximation. 

 

 dsUæh; {ks= lfUudVrk ds vUrxZr la{ksi esa Fkksel QehZ lkaf[;dh; ekWMy vkSj grZjh Lor% 
{ks= ekWMy le>kb,A 

 

7. Consider the following kets -  

 
  |ψ⟩ = 8−5i2i :  and |ϕ⟩ = 8 38i−9i:  

 

 Is |ψ⟩ normalized? If not then normalize it. Are |ψ⟩ and |ϕ⟩ orthogonal? Check it.  

 fuEu nks dsV ds fy, &  

 
  |ψ⟩ = 8−5i2i :  rFkk |ϕ⟩ = 8 38i−9i: 

 

 D;k |ψ⟩ izlkekU;—r gS\ ;fn |ψ⟩ izlkekU;—r ugha gS rks izlkekU;—r dfj,A D;k |ψ⟩ 
rFkk |ϕ⟩ ykfEcd gSA bls tkafp,A 

 

8. Consider the state |ψ⟩ = �
√� |ϕ�⟩ + �

√+ |ϕ�⟩ + �
√�A |ϕ�⟩ which is given by in terms of 

three orthonormal eigen states |ϕ�⟩, |ϕ�⟩ and |ϕ�⟩ of an operator BC such that BC|ϕD⟩ = n�|ϕD⟩.Find the expectation value of BC for state |ψ⟩. 
 

 voLFkk |ψ⟩ = �
√� |ϕ�⟩ + �

√+ |ϕ�⟩ + �
√�A |ϕ�⟩  

 ladkjd BC ds rhu izlkekU; yfEc—r vkbxsu voLFkk |ϕ�⟩, |ϕ�⟩  rFkk |ϕ�⟩ dks yhft, 
o BC|ϕD⟩ = n�|ϕD⟩ 

 

 voLFkk |ψ⟩ds fy, BC dk izR;k’kk eku Kkr dhft,A  

9. Let a wave package be described at time t = 0 by  

   ψ#x, 0' = A exp E− 0F
�GF + ikAxI   

 Express ψ#x, 0' as a superposition of plane waves.  

 ;g ekfu, fd rjaxiSdsV le; t = 0 ij fuEu rjg ls fn;k tkrk gS &  

   ψ#x, 0' = A exp E− 0F
�GF + ikAxI   

 lery rjaxksa ds v/;kjksi.k ds :i esa ψ#x, 0' dks O;ä dhft,A  
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 Section-C 2××××16====32 

 (Long Answer Type Questions)  

Note :- Answer any two questions. You have to delimit your each answer maximum up to                   

   500 words. Each question carries  16 marks. 

 [k.M&^[k.M&^[k.M&^[k.M&^llll^̂̂̂  

 ¼nh?kZ mŸkjh; iz’u¼nh?kZ mŸkjh; iz’u¼nh?kZ mŸkjh; iz’u¼nh?kZ mŸkjh; iz’u½½½½     

funsZ’kfunsZ’kfunsZ’kfunsZ’k %& fdUgha fdUgha fdUgha fdUgha nksnksnksnks iz’uksa ds mŸkj nhft,A vki vius mŸkj dks vf/kdre 555500000000 'kCnksa esa ifjlhfer dhft,A 
   izR;sd iz’u 11116666 vad dk gSA 

10. (A) For Pauli matrices prove that -  

  Jσ0, σ L = 2iσ�   

 (B) Explain Wentzel-Kramers-Brillouin approximation.  

 (A) ikmyh ds esfVªDl ds fy, fl) djks &  

  Jσ0, σ L = 2iσ�  

 (B) osaty Øsej fczyksu lfUudVrk le>k,A  

11. Solve the Schrodinger wave equation for the case of Hydrogen atom and discuss 

the θ and φ solutions. 

 

 gkbMªkstu ijek.kq ds fy, JksfMaxj lehdj.k dks gy djks ,oa  θ rFkk φ gyksa dh O;k[;k 

djksA 

 

12. Suppose operator a satisfies 2a, a14 = 1, then find the eigen values of the Hermitian 

operator a1 a. Also find eigen vectors of a1 a. Here a1 denotes the Hermitian 

conjugate of a, and 2a, a14 is commutator aa1 − a1a 

 

 ,d ladkjd a, 2a, a14 = 1 dks larq"V djrk gS] rks gfeZf’k;ku ladkjd a1 a ds fy,   

 vkbxsu eku Kkr dfj,A a1a ds vkbxsu lfn’k Hkh Kkr dhft,A ;gk¡ a1 gfeZf’k;ku   

 la;qXeh a dks iznf’kZr djrk gSA 2a, a14 Øe fofue;d aa1 − a1a gSA  

13. Explain the stationary perturbation theory for nondegenerate system.  

 vuIHkzC fudk; ds fy, LFkk;h fo{kksHk fl)kar le>kb,A  

----------------------------- 

 


